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ABSTRACT 

A  composite  approach  is  used  to  investigate  the  evolution  and 
distribution  oT  severe  weather  events  for  39  cases  of  spring  season 
Colorado  cyclogenesis.  The  study  also  examined  the  incidence  of 
severe  weather  during  a  "jet  streak"  subsample  of  15  cases,  based 
on  the  presence  of  a  jOO  mb  wind  maximum  over  the  New  Mexico-Texas 
area  on  the  -lay  of  cyolor.enesi  s ,  and  a  co/ujil  ( ment  .iubsamplc  of  the 
cyclogenelie  cases  not  incluJed  in  the  jet  streak  subssmple. 
Composites  were  cotistructed  of  the  normali?ed  frequency  of  M) 
tornadoes,  (i)  high  winds,  (3)  large  hail,  (ii)  funnel  clouds  and 
(5)  total  severe  weather  events  for  ttio  total  sample  of  39  cases 
and  the  two  subsamples  lor  three  hour  intervals  with  the  first 
interval  coinciding  with  thcr  day  of  cycl  ogenesi  s. 

The  distribution  and  frequency  of  severe  weather  for  the  three 
lys  was  consistent  with  the  mean  synoptic  features  as  the  composite 
cyclone  developed  and  moved  away  from  its  lee  side  development  site 
in  the  southern  hoekii'S.  The  area  where  severe  weather  occurred 
significantly  froaderu'd  and  moved  nor t heasLward  on  the  two  days 
following  eye  logenesi  s .  for  each  of  the  thr('e  samples,  the  maximum 
frequency  of  total  severe  storm  events  was  highest  on  the  day  after 
cyclogcnesi s. 

Tile  relationship  between  tlic  upper -troposplienc  wind  maximum 
and  the  frequency  of  total  severe  storm  events  was  examined  for  Lite 
jet  streak  subs.imple.  The  greatest  incidence  of  severe  weather 


V 

occurred  dheiid  ol'  and  to  the  right  of  tlio  exit  region  of  the 
propagating  'OO  mb  jet  btreak.  The  presence  of  the  composite  300  mb 
wind  maximum  in  the  jet  streak  subsample  clearly  enhanced  the 
frequency  ol  sevoro  weather  compared  to  the  composites  of  the  total 
sample  of  j9  cases  and  the  complement  subsanple. 
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At  this  also  my  heart  trembles.  And  leaps  from 
its  placf'. 

Listen  closely  to  the  thunder  ol'  His  voice. 

And  the  rumbling  that  goes  out  from  His  mouth. 

Under  tile  wiiole  lieaven  He  lets  it  loose. 

And  His  ligiitning  to  the  ends  of  the  earth. 

Al'ter  it,  a  voice  roars;  He  tiiundi.-rs  with  His 
majestic  voice; 

And  He  docs  not  restrain  tiie  lightnings  when 
His  voice  is  iieard . 

Hod  t.hunders  witii  His  voice  wondrou.'il  y , 

liciitig  I'.t'cil-  tiling, winch  w<'  c.innol,  '  imprehcnd . 

For  to  tile  snow  He  .tiys,  'Fall  on  the  earth,' 

And  to  the  shower  of  rain  and  the  rain, 

'lie  strong,' 

He  seals  the  iiand  of  every  man.  That  all  men  may 
know  Ills  work. 

TIkti  the  beast  goes  into  its  lair.  And  remains 
in  its  den. 

Out  ol  the  ehamber  comes  the  storm.  And  out  of 
the  s, nattering  winds  the  colil. 

From  the  breath  of  God  ice  is  made.  And  the 
expanse  of  the  waters  is  frozen. 

Also  witii  moisture  He  loads  the  tiiick  cloud; 

He  disperses  the  cloud  of  His  ligiitning. 

And  1 1.  eiianges  direction,  turning  around  by  His 

g,u  1  dance  , 

That  It  may  do  whatever  He  commands  it  on  tlie 
face  of  tile  iniiabited  eartii, 

Wliet.iicr  for  correcti  on ,  or  for  His  woriil, 

Ur  for  lov  1  ngk  1  nilness ,  He  eausx.'S  it  to  happen. 

Job  -IT:  1-1  d  (NA3V) 
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A  composite  approach  is  used  to  investigate  the  evolution  and 
distribution  of  severe  weather  events  for  39  cases  of  spring  season 
Colorado  cyclogenesis.  The  study  also  examined  the  incidence  of 
severe  weather  during  a  "jet  streak"  subsample  of  IB  cases,  based 
on  the  presence  oi'  a  300  mb  wind  maximum  over  the  New  Mexico-Texas 
area  on  the  day  of  cyi.’lop.encsi  s .  and  a  complement  subsamplt  of  the 
cyclogcnetic  cases  not  included  in  the  jet  streak  subsample. 
Composites  were  constructed  of  the  normalized  frequency  of  (1) 
tornadoes,  (1)  high  winds,  (3)  large  hail,  (4)  iunncl  clouds  and 
(b)  total  severe  weather  events  for  the  total  sample  of  39  cases 
and  the  two  subsamples  for  three  ptt  hour  intervals  with  the  first 
interval  coinciding  with  the  day  of  cyclogenesis. 

The  distribution  and  frequency  of  severe  weather  for  the  three 
days  was  consistent  with  the  mean  synoptic  features  as  the  composite 
cyclone  developed  and  moved  c.way  from  its  lee  side  development  site 
in  the  southern  hockics.  Hie  area  where  severe  wcattier  occurred 
si gn  1  f  i c.in 1 1  y  broadened  and  moved  nort  hea.'.tw.ird  on  tin  two  nays 
following  cyclogenesis,  for  each  of  the  three  samples,  the  maximum 
frequency  of  total  severe  storm  events  was  higfiest  on  the  day  after 
cyclogtnesi s . 

Tlic  relationship  between  the  upper-tropospheric  wind  maximum 
and  the  frequency  of  total  severe  storm  events  was  examined  for  the 
jet  streak  subsample.  The  greatest  incidence  of  severe  weather 
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occurred  ahead  ol'  and  to  the  right  of  the  exit  region  of  the* 
propagating  '^’00  mb  jet  streak.  The  presence  of  the  composite  3CO  mb 
wind  maximum  in  the  J(?t  streak  subsample  clearly  enhanced  the 
frequency  of  severe  weather  c:ompired  to  the  composites  of  the  total 
sample  of  -9  cases  and  the  complement  subsample. 


1 


1.  Introduction 

Severe  lociil  wenther-  annually  thrt.'atens  the  lives  and  troperty 
of  trillions  of  people  in  tlu?  United  States.  Statistics  compiled  by 
NOAA's  National  flimatic  Data  Center  (It-f.  )  st.'ow  tiiat  between  1953 
and  1983  severe  weather  caused  an  averap.('  annual  loss  of  more  than 
5  billion  oollars  in  property  dcima).’,('  and  r;ore  i  han  liiC  r.torni-rei ated 
fatalities.  hie  majority  of  property  loss  and  fatalities  occur 
durinp,  the  spring  months  when  severe  slornis  are  both  more  frequent 
and  more  violent.  Annually  5C1  of  tdie  tornadoes  occur  duririg  the 
spring  season  ( Apr i 1 -June ) ;  however  bcc.iuse  of  the  greater  violence, 
71'?  of  tfie  annual  tornado-related  deattuc  occur  during  these  rnontfis. 
The  vast  majority  of  thunderstorms  tfiat  produce  severe  weather  in  the 
Unite.i  Pt-ites  oc  curs  over  tiie  ecntr.il  f)ort  ion  of  the  country  between 
tfie  Rocky  and  Appalacian  Mountains.  in  particular,  Court  (197^) 
found  tortianoes  and  large  hail  (>  19  mt'i  in  diameter)  occur  most 
frequently  ifj  central  Oklahoma  and  Kansas  (Rigs.  1  and  1).  Although 
improved  rad.ir  and  satellite  data  provide  useful  meteorological 
tools  to  monitor  the  development  of  severe-  storms  and  aid  in  their 
prediction,  tin'  meteorologist  must  c-ontinue  to  learn  more  about  the 
mechanisms  which  lead  to  the  oecurren-.-e  of  severe  weatiier.  This 
irc-rease  in  Knowledge  should  lead  to  the  d<velo()ment  of  more  accurate 
anr!  time  ly  predictions  st  tfiesc  deslructive  storms. 

Tfie  great  -najority  of  spring  season  1  hunder rd.orms  tfiat.  produce 
severe  weatlier  in  tfie  centr.il  United  Dtates  develop  in  rt-gions  where 


elongoted  ever  northwestern  Iow<j .  'this  more  diffuse  pattern  is  a 
resuit  of  t.tie  eomposi  t  1  rjg  ol  Lh>-  various  Ira.-ks  and  speed  of  movement 
of  the  jQ  cyclones  as  ttiey  moved  from  their  lee  side  development 
sites  in  the  southern  Rockii's. 

The  UK'  md  850  mb  composite  wind  fields  at  1200  GMT  for  the 
ttiree  days  of  interest  are  shown  in  Kigs.  5  and  6.  On  day  0  a 
'jCO  mb  composite  jet  streak  is  located  ovi-r  central  Arizona  ahead 
of  a  trough  in  the  compositi'  streamline  pattern.  At  850  mb  a  wind 
maximum  over  nort.h  cetitral  Texas  is  embe<)ded  in  a  southwesterly  flow 
of  air-  over  tde-  souttiern  Great  flams.  By  day  C  the  UiO  mb  wind 
maximum  i.as  propaf.atcd  eastward  and  intcnsilied  to  kO  m/s.  The 
850  mt  wind  maximum  has  also  str engtionieu  and  rT.oved  into  central 
'jkI  ai.oma ,  Th,"  UK  mt)  composite  jet,  stre-al-.  coritinues  l.o  move  eastward 

witti  lit.t.le  h-iupr  in  mt'-nsity  and  is  centered  over  northern  Texas 

on  day  C  +  i.'.  fP’cUiwr: 1  c  at.  rU'O  mb,  the  wind  maximum  now  over  southeast 
Kansas  has  W".  .  .  ned  aad  become  broader.  tVimparcd  to  day  C+1  at  1200 
;mT  ,  th'  ;K  '  mo  I'low  iias  veered  ailowirig  for  a  sharp  decrease  in 

the  ‘  -  I  .  !' b  Cl .  r  ee  ’  1  rjn,.  i  winu  shi-e.r  in  th--  --xit  rep  ion  ol  t.he 

:  rc'pap.st  I  n,  00  ml  ;i  i  sir(»aW. 

d.,  die  el:,  rv'd  '  r  •  ’te-r  1 1  '  <pii-iic  y  .and  d  i  s  t  r  i  t  u  t  i  on  for  day  C 

Tne  aTi  i  1  1  zed  lrec;ueney  ul  t -at  n,i  toes  ,  tiigii  winds,  largo-  ti.iil 
aa  I  Itinri'-l  .  .  a),-,  lor  ..ample  i'  an-i  tt--  .i:  -aitjcamplr'  .iTe  shown  in 
Figs.  '  a-J  en.i  s  In  mirst  i  n;st,an-.'es  tiie  maximum  frerjuencies 
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4.  1  Mean  :'>ynopt,ic  f-eatures 

beTore  examining  the  normalized  frequency  and  distribution  of 
severe  weather  events  for  tlie  D  sample  and  the  JS  and  Jb'  subsamples 
for  day  C,  day  C+l  and  day  C*2,  the  mean  synoptic  features  for  the  D 
sample  as  determined  by  Achtor  and  Horn  will  be  briefly  examined.^ 

The  eomposite  gradients  and  magnitudes  of  the  mean  features  are 
Weaker  than  those  of  an  individual  cyclone.  Achtor  and  Horn  previ¬ 
ously  compared  th”  mean  f  eat.ures  of  i  he  I)  sanjile  and  the  Jb 
subsample  and  found  that  the  c-omposite  synoptic  features  of  both 
sarnpJi.'S  w-tc  similar;  however,  in  the  j;)  subsampl  i-  the 

gradients  and  magnitudes  ot  these  features  am  generally  sharper 
-.nd  stronger. 

Kgs.  a,  b  and  <;  Show  the  mean  sea  level  pressure  d  i  str  ihui  :  on 
at  UK'  i,MT  for  days  u,  C+1  and  u+2,  respectively.  As  a  result  of 
c(;,Tpositing ,  a  relatively  weak  low  pressure  center  is  located  over 
•astern  New  Mexico  on  day  t  prior  to  the  detection  of  initial  cyclo- 
genesis.  Iiurlng  the  next  i‘i  hours,  eyclogenesis  occurs  and  the 
cc'mfxisite  low  deepens  as  it  moves  into  western  Kansas.  On  day  C+2 
f  ■  rric,'''  ..  a  I",  i  ;  ow  ^'es.'-i:'"  ''istfr  weakerK?!  and  be-'otif-  mom 

lor  the  pur  p.  se  of  comparison,  the  valid  times  of  the  results 
ot  Kic  Acth  (11 /horn  and  Kar  shment/horn  stulies  were  coriverted  to  the 
norerio  1  at  ij’-t  c'f  iM.s  study  (i.e.,  d.'iy  i,  of  this  study  corresponds 
to  the  pTiol  from  ipoj  GMT  of  day  0-1  to  lisu  gmt  of  day  C  used  in 
tti"  t  ,ir  i  I  er  stud  i  <  s  1  . 


calculated  totals  were  normalized  and  averaged  to  construct  maps  of 
the  frequency  of  severe  weather  events  for  day  C,  C+1  and  C+P  for  the 
three  samples.  Since  tiie  area  cotitained  within  the  1'  latitude- 
longitude  box  varies  witii  latitude,  the  totals  were  normalized  to  the 
area  of  a  grid  box  (V77i’  km“)  at  the  midpoint  latitude  (37. N)  of 
the  data  set.  These  totals  were  further  normalized  by  dividing  by 
the  number  ot  cyclogenetic  cases  in  each  of  the  three  samples.  To 
assist  in  data  analysis,  the  normalized  totals  were  then  smoothed 
using  a  ?  latitude-longitude  overlapping  boxes  averaging  technique 
(Kelly  ot  al  . ,  luyfa),  which  produces  values  at  eac;h  V  latitude- 
longitude  i  nt.erseet  1  on  .  iiaps  were  then  constructed  for  day  C,  C+-1 
and  t*P  for  the  developing  sample  (D)  vf  39  cases,  Lhc'  jet  Streak 
.'■■ubsampl  c  (J.)  <it  Ih  case'  aril  the  eoK:pi  cuh  iil,  sub'‘.amplt  of  I't 

case;;.  As  n  nf  the  i  x  t  r  •■.•nc;;  in  tti"  magni'uJes  of  the 

normal  izovl  frcqu-  ncy  of  ;a'vere  wcatiicr  evoits  for  •■•ach  sample,  tdio 
maps  wore  an.alyzi'd  using  a  geenetric  sequence  tecfmique  (  X  10' 
events  per  case  ol  ttic?  sample  per  9773  km'  .where  n  is  >  u). 


to  dt.  L'-rnini-  witl,  the  .)V;il..l)le  oynoptu.  Ooto  which  cyclone  was 
riS[)CiriM  h  1  e  loi  'tie  dt'vel  optru-nt.  of  e-ach  Sf'vi're  weat.her  event,  the 
events  occurring  on  the  ov<‘rl appirig  days  were  considered  to  be 
associated  witti  both  cyclones  (e.g.  an  event  occurring  on  day  0+2  for 
one  cyclone  and  day  C  for  anottier  was  considered  as  occurring  on  the 
appropriate  d.ys  for  both  cyclones).  The  overlapping  occurred  on 
only  12t  of  tfie  possible  days  for  the  sample  of  39  developing  cases 
and,  ttius,  should  not  significantly  affect  the  results  of  this  study. 
No  overlapping  oc<;urred  in  the  jet  streak  subsample,  but  overlapping 
did  occur  on  ) ‘jH  of  the  possible  days  in  the  complement  subsample  of 
2't  cases,  (.eograptiic  distributions  of  severe  weather  events  were- 
constructed  for  day  C,  C+1  and  C+2  for  the  sample  of  ;9  developing 
cases  and  tlie  subsampd  e  of  !'.■  jei  stre-ik  c.se;;.  This  wos  done  by 
tatiulating  tfic  tof.al  number  of  the  following  severe  weather  events 
in  1  '  latit uoe-longitudc  ooxes:  (l)  tornado  genesis  events,  (2) 
tornado  events  (includes  gen'‘sis  events  plus  tornadoes  that  moved 
int.o  the  grid  box),  (  )  nigh  wind  ev<nts,  ( <i )  large  hail  evetits, 

(h)  funnel  elouJ  genesis  events,  (b)  funnel  cloud  events  (includes 
genesis  events  plus  funriel  c:louds  that  novckf  into  tfu’  grid  box)  and 
(7)  total  severe  storm  iv»nts  isumm.ition  of  items  (P),  (3),  ( )  and 
(b)).  Tfiese  table;;  are  contained  in  tie  Apperufices. 

;-'.3  Data  Nu’-mal  i  zing  and  Averaging 

In  order  to  C'tisi’rve  an  I  <  ompare  tin-  geogra(.hie  <1 1  str  i  tut  ion  of 
sev'  ra  weat'ier  avi  pt;;  lo-ing  tadorad')  ■>'  logaMsi;:,  tfi>'  j  '  viousiy 


wt‘r«“  »‘X Ir iif- 1 (Ml  t  rom  the  ;i[>propr  iate  ^Lorm  Data  publ  ic;.tions  for  tho 


pt'riocl  bfc>',iruiing  at  IPOC  (iMT  day  C  aril  ending  at  1159  t>MT  day  C+2. 

The  study  ineluded  any  severe  weather  event  over  the  continental 
United  States  east  of  107"  W  longitude.  These  items  were  catalogued 
by:  (1)  date  and  time  (converted  from  local  to  GMT)  of  initial 
occurrence,  (2)  type  of  event(s)  (e.g.,  thunderstorm  with  gusts  to 
30  m/s  and  2b  mm  hail)  and  (3)  area  or  path,  initial  to  final 
loc'ation,  of  eoverag.c  (e.g.,  tornado  moved  I  rom  8  miles  southwest 
of  Lf'.ivenwor  th ,  Karisas  to  Weston,  Missouri).  Since  not  all  reports 
of  severe  local  winds  contained  a  measured  wind  gust,  a  Beaufort 
wind  scale  was  sub  ji  cti  vel  y  applied  t.o  the  r<'ported  damage  (e.g., 
broken  tree  limbs  or  1  argi'  uproi.ts d  trees)  to  determine  if  tlie 
maximum  wir.d  gust  w  is  greater  than  or  e<)ual  to  ?(  ro/s.  tJo  attempt 
was  made  to  determine  the  hail  size'  for  hail  damage  to  crop  reports 
which  gave  no  information  on  the  time  of  occurrence  or  the  size  of 
nail.  The  geograidiic  coverage  or  patli  of  the  events  was  assigned  to 
appropriate  1  lati tude-longitudc  grid  boxes  with  special  attention 
given  to  the  i'd'nesis  and  final  location  <if  tornadoes  and  funnel 
clouds.  The  entire  severe  weather  data  sample  was  encodrjd  into  an 
APPLb  II  ml  croeomputer ,  which  wa.s  used  to  i.ort  arid  partition  the  data 
set.  into  tt.e  lay  ol  occurrence  (C,  t  +  1  an.d  C+P)  .  The  stiort  elapsed 
time  betW'C'  n  the  jevel  <.>pmeri’.,  of  some  of  the  r  ydones  r  ontairu  d  in  the 
d.it.a  set.  nr, lilted  i rt  a  f<'w  'Uise;  wher*'  th-.'  7?  tiour  period  ol  interest 
overiap()ed  betW’'eti  two  cyolorus  (e.g.  ilay  (.♦/  lor  one  cyi  li/ric  corre- 
sporiiril  with  d<iy  C  I  (ii-  .notherl.  birice  it  w.).',  ruA  alw.iy.s  possibl< 
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Table 

1.  Listing  of  the  dates 

of 

initial  detection  of  cyclogenesis 

of  the 

D  sample  and  the  JS  and 

* 

JS' 

'subsamples 

used  in  this  study. 

No. 

DATE 

D 

JS 

JS' 

1 

01  April  196'4 

X 

X 

2 

12  April  196*1 

X 

X 

3 

19  April  196** 

X 

X 

i« 

2**  April  196** 

X 

X 

5 

25  April  196** 

X 

X 

6 

07  May  196** 

X 

X 

7 

05  April  1965 

X 

X 

8 

07  April  1965 

X 

X 

9 

09  April  1965 

X 

X 

10 

0**  May  1965 

X 

X 

11 

07  May  1965 

X 

X 

12 

1**  May  1965 

X 

X 

13 

11  May  1966 

X 

X 

0**  April  1967 

X 

X 

15 

07  April  1967 

X 

X 

16 

13  April  1967 

X 

X 

17 

16  April  1967 

X 

X 

18 

21  April  1967 

X 

X 

19 

23  April  1967 

X 

X 

20 

25  April  1967 

X 

X 

21 

30  April  1967 

X 

X 

22 

05  May  1967 

X 

X 

23 

10  May  1967 

X 

X 

2'* 

03  April  1968 

X 

X 

25 

07  April  1968 

X 

X 

26 

13  April  1968 

X 

X 

27 

20  April  1968 

X 

X 

28 

23  April  1968 

X 

X 

29 

06  May  1968 

X 

X 

30 

14  May  1968 

X 

X 

31 

17  April  1969 

X 

X 

32 

07  May  1969 

X 

X 

33 

12  April  1970 

X 

X 

3*1 

18  April  1970 

X 

X 

35 

28  April  1970 

X 

X 

36 

29  April  1970 

X 

X 

37 

04  May  1971 

X 

X 

38 

18  May  1971 

X 

X 

39 

23  May  1971 

X 

X 

3.  Froct'dures 


3.  1  (ieneral 

The  sewore  local  weather  events  used  in  this  research  were 
extracted  from  the  monthly  Storm  Data  publication  to  construct  maps 
of  the  frequency  of  these  events  for  day  C,  C+1  and  C+2  of  the  39 
developint^  cyclone  cases  described  earlier.  The  gathering  of  the 
data  proved  to  be  a  motiumerital  task  since  over  3t>D(/  severe  weather 
events  were  identified.  As  previously  meritioned ,  a  severe  weather 
event  was  define<l  ns  the  (r;curr«'nce  of  a  tornado,  funnel  cloud  or 
severe  thunderstorm  accompanied  by  large  hail  (>  19  mm  in  diameter) 
and/or  damaging  wind  gusts  (>  2t  m/s).  The  data  wore  divided 
according  to  ttc  day  of  occurrence  C+l  and  t  +  ?),  and  then  a 

tabulation  was  made  of  the  number  of  events  occurring  in  a  1^" 
latitude-longitude  box  lor  the  sample  of  39  developing  cases  and  a 
subsamplc  of  19  jet  streak  cases.  The  totals  were  first  normalized 
by  area  and  by  the  numt)cr  oi  days  per  sample  and  then  numerically 
smoothed,  haps  of  these  normalized  frequencies  were  ttien  constructed 
and  analyzed  for  eacfi  of  the  samples  being  studied. 

3.2  Data  Gatticring 

llsinv  th  ■  'i.ites  of  initial  dctc<M.ior.  of  c  ■  logi.-ru  si  s  (Table  1) 
and  till  de  1  !  r.  1 1,  lori  ;f  a  r.cvcri-  Wi-.itlier  event,  ttie  severe  weather  dat 


distinct  wind  maxima  on  the  occurrence  of  severe  weather  events. 


Taking  into  consideration  Hovanec  rnd  Horn's  definition  of  cyclo¬ 
genesis  and  the  diurnal  distribution  of  severe  weather  occurrences, 
the  severe  weather  data  used  in  this  research  was  partitioned  into 
three  2^  hour  intervals  beginning  at  120C  GMT  the  day  of  initial 
cyclogenesis  and  ending  at  1159  GMT  three  days  later.  These  24 
hour  intervals  will  henceforth  be-  referred  to  as  day  C,  C+1  and 
C+2.  *  The  severe  weather  ilata  used  for  this  research  was  extracted 
from  the  National  Climatic  Center's  monthly  .Storm  D^ta  publication. 


'ihis  nomenclature  dit/ers  from  l.hat  used  in  the  studies  by 
Acht  or/  horn  ntid  Mar  stiriient/Horn .  They  examined  information  for  OOOU 
and  lit'i  GMT  on  the  day  of  eye  logenesi  s ,  referred  to  as  day  C,  and 
on  the  preceding,  (day  C-1)  and  following  (d.iy  C+l)  days.  Thus  in 
tfiis  study,  day  C  correspond.s  to  the  period  from  120C  GMT  of  day  C-1 
to  11‘5  of  nay  C  used  m  Uie  earlier  studies. 
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developing  composite  contained  a  disorganized  '-tOO  mb  wind  pattern. 
Because  llovuneo  and  liorti  s>.-l  ectecl  th<-ir  sample  on  the  basis  of 
Colorado  cyclogenesis  and  not  on  wlicttiet  a  jet  streak  was  {^resent, 
Achtor  imd  Horn  subjectively  chose  a  subsample  of  1G  cases  from  the 
39  developing  cases  when  a  jet  streak  was  located  over  the  New 
Mexico-Texas  area  on  the  day  of  cyclogenesis.  Tiiis  jet  streak 
subsample  enhanced  the  features  found  in  the  developing  sample. 
Marshment  and  iiorn  found  the  distribution  and  evolution  of  moisture 
associated  with  cyclone  development  was  consistent  wit.h:  (1)  the 
n.ivenient  of  t  tie  mean  surface  cyclone  and  (2)  tlie  areas  of  relatively 
low  stafiility  indices  which  developed  in  ttic  exit  ri'gion  and  rigrit 
fr'ont  quadrant  of  ttie  propag.at.  i  ng  mb  jet  streak.  They  also 

noLeit  l.fial.  I  l,e  frensport  of  moisture  at  low  levels  froni  t,h(‘  Gulf  of 
Mexico  into  t.lie  d(.velopitig  storm  was  enhanced  tiy  Lta.'  presence  of  a 
propagating  upper-troposptier ic  wind  maxitnum  and  a  low-level  southerly 
jet,  whicti  Wo  3  related  to  trie  lower  brancti  of  ttie  transverse 
circulation  in  ttie  c'xit  region  of  the  upper-tropospheric  jet  streak 
(Ucceliirii,  lOfiO). 

Ttiis  study  examines  the  39  developing  cases  from  ttie  original 
Hovanec  and  tiorn  sample  to  observe  the  distribution  of  severe 
weather  events  througtiout  the  cyclogenetic  process  for:  (1)  ttie 
total  sample  (D)  of  j9  developing  cases  (2i  a  subsample  (JS)  using 
the  19  jet  streak  cases  ctios<-n  liy  A'ditor/ tiorti  and  (  •)  a  subsimple 
(Jfj')  of  (■  yc  1  ogenet,  1  c  cares  not  i  ric  1  ui.-.i  Iri  the  )et  streak 
subsample.  Ttie  data  set  was  subdivided  to  stiow  ttie  efft'ot  of 


Da  til  .'r'cjnple 


Th’j  (i.ita  s.'itnple  used  in  this  roseureh  originated  in  a  study  by 
llovaneo  and  Horn  (197i)),  who  examined  static  stability  and  ’00  mb 
wind  fields  assoe  latth!  with  Colorado  eye  1  oj'/'.nesi  s .  They  definod 
eyciogenesis  as  tiie  locat  ion  .and  time  of  occurrence  of  a  closed 
isobar  ( rib  interval)  on  the  sea  level  pres.sure  chart  provided  it 
per  i  ;'d  e  d  for  at  least  ;''l  !iour-:v  .and  foufid  a  total  of  i’ 1  cas'  s  of 
spring  s-’a.".on  (April-May)  -yc  l-ogetiesi  .s  I'or  the  years  Ipb'i-lhYl.  The 
surface  in.ips  used  to  d('t'‘rm!ne  eyelogenesi were  for  (;(,■()()  oMT  for 
tin.'  1  d(tH- 1  hbr  data  and  l.'O')  il^'l  f'or  the  ipoh-lh^’l  lata.  The  Daily 
Weat.ner  ITip  sTie:;  ns-’l  in  !  h''  ev.iluat.loii  W")-.'  ivailabl"  for  1,. 
aoiif  itil.efval  ■  (valid  .it  onoo  ',Mf  -i'kJ  U.n,  ,'V\  )  b'dV're  May  I'gtb. 
riiereafter,  1  tiey  were  inly  av.iilahle  for  .'U  hour-  intervals  (valid 
it  irhi.i  vlMT).  Hovanee  .and  Horn  classified  tlie  e  y  pi  ogenet  i  c  ca.V'.s 
IS  either  levelopirig,  if  they  in.i i nta ined  a  closeri  isobar  for  7’’ 
:i'jurs,  or  tiori-developi  ng ,  if  tlnry  did  not.  Aefitor  .md  Horn  (1981) 
and  Marshment  and  Horn  (1989)  expanded  upon  Hovanee  and  Horn's  work 
by  using  i -on  vr-rit.  i  ona  1  radiosonde  i  n  forri.if.  i  on  for  OOOO  IHT  and  K’OO 
IMT  for'  the  hay  preceil.iig  to  Idie  day  foliowing  deh.er-ti  m  f  cyclo- 
-V.rioSLS  to:  ’,1)  construct,  •ornposite  cyclones  of  the  •19  developing 
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This  research  uses  a  composite  approach  to  examine  the  occur¬ 
rence  of  severe  weather  events  durin?,  April  and  May  for  the  period 
IQ6M-I971  I'or  the  days  of  Colorado  eye  1  op.«'nesi s  chosen  by  Hovanec 
and  Horn  and  later  studied  by  Achtor  ano  Horn  (lefib)  and  Marshment 
and  Horn  The  study  also  examines  the  incidence  of  severe 

weatiier  dur  ing  ,j  "jet  streak"  subsaniple  ul  1b  c yc  1  ogeneti c  cases, 
subjectively  ci:<.'seri  hy  Achtor  and  Ihrn  uased  on  the  presence-  of  a 
3U0  mb  jet  streak  over  the  New  Mexicc-Texas  area  on  the  day  of  cyclo¬ 
genesis,  .md  a  romp  1  erri<  lit  ;;ut)S.-mpl  <  of  the  cases  not  inclucid  in 
the  jet  streak  sutisampi  e .  Tins  researcti  focuses  on  the  'volution 
of  severe  weattier  events  tlirougtiout  ttie  e yt.  1  ogenet i c  process  and  the 
distribution  of  ttiese  events  in  relation  to  dynamic  forcing  mech¬ 
anisms.  Us’.ng  ,;3  guideline,  i  te  erittri.  (-f.t  aS ;  i  siied  by  tti'  National 
Cevrre  htoim  forecast  Center  and  t  tie  United  States  Air  lorce  Air 
Weather  Service  (198^).  a  severe  weather  event  was  defined  as  the 
the  occurrence  of  <)  tornado,  funnel  cloud  or  severe  thunderstorm 
accompanied  wi  tti  larg.e  hail  (>  IM  mm  or  >  3/4  incti  in  diamrter) 
and/or  damaging  wind  gusts  (>  <_'6  tn/s  or  >  90  knots). 


J 

convective  instability  exists  and  where  there  is  considerable 
vertical  wind  shear  betwt  .-n  tfie  low-level  and  upper-troposper i c  air 
flow.  lliese  region;;  develop  in  respon;;e  to  thie  rapid  northward  flow 
of  lower-tropospfier  le  warm,  nfJist  air  i  ro'i:  toe  hulf  of  flexico  and 
the  cool,  liry  air  flow  asso  i.tel  wi  tn  strong  westerly  winds  in  the 


middle  troposphere 
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t  v:, 
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1 1 

i.ver  r 

Kies  relatively  cooler,  moist 

air  from  the  Gull'  of  Mexico  (Carl  .son  ntui  Ludlum,  196h).  The  eapting 
inversion,  cl aracter i sti e  of  c orivecti vel y  unstable  environments,  can 
also  resul  t  from  ni d-lropospfier ic  subsidence  associated  with  the 
sinking  branch  of  the  indirect  transvr^rsc  circulation  in  the  exit 
region  of  a  propagatitig  :h0  mb  jet  streak  (Uccellini  and  Johnson, 
1979).  In  an  crivironment  wlicrc  convective  instability  exists,  suffi¬ 
cient  lifting  to  penetrate  the  capping  inversion  can  rc.sult  in  the 
development  of  deep  convcolion  and  the  formation  of  severe  thunder¬ 
storms,  that  an  often  accompanied  by  large  hail,  damaging  winds  and 
tornadoes.  Two  positively  correlated  meteorological  factors,  which 
help  create  convectively  unstable  environments  and  thus  favor  the 
high  frequency  of  .sever"  weather  over  the  e-entral  United  States, 
are  spring  icasur;  t  Apr  i  1-May)  Colorado  cyclogenesis  and  upier- 
tropo:  phcr- .  e  j"t  str'aks.  hovanec  and  horn  (1979  )  found  that  signif¬ 
icant  C7i!or  adc  ■  yc  1  ogerie;  1  ;;  (■otnm"rily  oei-ur  a.s  an  upper  level  wind 
rruix  u'lum  propagates  int.ci  the  l<  e  .,>1  the  .soutfiern  Huckies. 


ig.  *  .  1  sul.a>: hr.  (rr/s)  and  ;;Lr<>aml  iru-.s  at  IPOC!  GMT  on  day 

Or  Ihf  1  at  (a)  -(U)  rub  arif)  (b)  hbO  inb  (from  Achtor 


ind  Horn.  ’oHS). 
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Fig.  8.  Normalized  and  smoothed  frequency  (10"“^)  of  (a)  tornados 
(b)  high  winds  {>  26m/s),  (c)  large  hail  (>  19nim)  and  (d)  funnel 
clouds  for  the  JS  subsample  on  day  C. 


of  the  various  severe  weather  events  are  higher  and  cover  a  larger 
geographical  area  in  the  .1:^  subsatnple,  which  was  based  on  cyclo- 
genetie  events  when  a  .  OC  irjb  jet  streak  was  located  in  tiic  New 
M'X  ieo-Texas  are.i  c)ti  the  Jay  of  eye  1  ogetiesi  s ,  than  in  the  b  saniplr  , 
Tills  leat.ure  is  .ilso  eviJeriL  in  Figs.  9  a  and  b,  winch  show  the 
frequency  ol  total  severe  storms  (summation  of  ttie  incidence  of 
tornadoes,  tngii  winds,  large  liail  and  funnel  clouds)  for  the  D 
sample  and  ttie  JS  subsampie.  The  maximum  frequency  of  total  severe 
storms  for  Lotii  samples  is  located  over  w^'St  cent.ral  f^klaiioma,  but 
its  magnitude  i  r.  .'/Oh  lor  the  Jb  subsample  and  only  . ;  9 1  for  the  D 
sample.  The  are,/  /riclosed  l/y  tin-  .,■'/  frequency  isof-Jeth  is  also 
greater  in  the  Jb  subsample  than  in  the  D  sample.  Thus,  the  presence 
of  a  composite  /(d  mb  jet  streak  confined  to  a  limited  geographical 
area  in  the  Jb  subsample  clearly  enhan.-es  the  frequency  and  coverage 
of  severe  weather  compared  with  the  composite  of  the  developing 
eye lones . 

Tne  higi)  f  requency  of  tot  .I  sever*'  c-torm  i.'vents  (Hg.  9a)  ovf  r 
the  southern  breut  Flams  agrees  with  the  findings  of  the  moisture 
study  by  Marshment  and  Morn  ( 1 phb ) •  fhe  vast  majority  of  severe 
storm  event.s  for  tl'.'-  1)  sati/ple  occuirred  m  the  warn,  rioist  sector  of 
the  mean  cca  lev/  1  low  pressur/'  /-enter  ,.s  it  moved  northeastward 
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western  Kansas  between  the  surface  and  850  mb  and  (2)  the  moist 
static  stability  decreased  during  the  day  in  the  area  enclosed  by 
the  .09  frequency  isopleth.  They  suggested  that  the  combination  of 
moisture  advection  below  800  mb  and  the  relatively  dry  air  above  this 
moist  layer  created  a  convectively  unstable  environment  favorable 
for  the  occurrence  of  severe  weather.  The  results  obtained  here 
support  their  statement. 

Fig.  10  shows  the  2^  hour  change  in  the  lifted  index,  calculated 
by  Marshment  and  Horn,  between  1200  GMT  day  C  and  1200  GMT  day  C+1 
superimposed  over  the  frequency  of  total  severe  storms  greater  than 
.09  for  the  D  sample  for  day  C.  The  incidence  of  severe  local 
weather  on  day  C  is  greatest  along  the  western  half  of  the  region 
undergoing  destabilization  during  the  day.  Note  that  the  maximum 
frequency  of  total  severe  storms  occurs  in  the  vicinity  of  the 
strongest  horizontal  gradient  of  stability  change  over  west  central 
Okl ahoma . 

The  relationship  between  the  dynamic  forcing  mechanisms  and  the 
frequency  of  severe  weather  can  be  seen  in  Figs.  11  a  and  b,  which 
show  the  300  and  850  mb  isotachs  and  streamlines  at  1200  GMT  and  0000 
GMT  superimposed  over  the  frequency  of  total  severe  storms  greater 
than  .09  for  the  JS  subsample.  During  this  twelve  hour  period,  the 
composite  300  mb  jet  streak  intensified  as  it  propagated  eastward; 
and  the  850  mb  wind  maximum  moved  to  the  north.  Note  that  the  850  mb 
streamlines  become  more  southerly  resulting  In  an  Increase  in  the 
850-300  mb  directional  wind  shear  over  the  southern  Great  Plains. 
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The  greatest  incidence  of  severe  weather  occurs  ahead  of  and  to  the 
right  of  the  exit  region  of  the  propagating  300  mb  wind  maximum. 

This  agrees  with  the  concept  of  dynamic  destabilization  proposed 
by  Johnson  and  Sechrist  (1970)  and  Uccellini  and  Johnson  (1979). 

*1.3  The  observed  severe  weather  frequency  and  distribution  for 

day  C+1 

The  normalized  frequency  of  the  total  severe  storms  on  day  C+l 
for  sample  D  and  the  JS  and  JS'  subsamples  is  shown  in  Figs.  12  a, 
b  and  c.  The  frequencies  in  the  JS'  subsample  are  noticeably  weaker 
and  more  diffuse  than  those  found  in  the  JS  sample.  Compared  to 
day  C,  there  has  been  a  major  northeastward  expansion  of  the  area 
enclosed  by  the  .09  frequency  isopleth  in  the  D  and  JS  samples.  This 
movement  is  consistent  with  the  movement  of  the  composite  surface  low 
from  western  Kansas  to  northwestern  Iowa  in  the  D  sample.  As  was 
found  on  Jay  C,  the  area  enclosed  by  frequencies  greater  than  .27 
is  larger  in  the  JS  subsample  than  in  the  D  sample.  ITie  maximum 
frequency  of  total  severe  storms  has  increased  for  all  three  samples 
over  tie  day  C  values.  The  highest  frequency  for  both  the  D  and  JS 
samples  is  located  near  Kansas  City,  Missouri  and  is  again  greater 
in  the  JS  subsample  (.868)  than  in  the  D  sample  (.511).  The  maximum 
frequency  of  total  severe  storms  for  the  JS'  subsample  is  .515  and 
Is  located  over  western  Oklahoma.  The  more  southwesterly  location 
oi  the  highest  incidence  of  total  severe  storms  in  the  JS'  subsample 
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may  be  a  result  of  two  cases  where  a  high  incidence  of  severe  weather 
occurred  when  there  was  an  overlap  between  day  C  for  one  cyclone  and 
and  day  C+1  for  another  cyclone  within  this  sample.  Some  of  the 
meteorological  conditions  at  the  beginning  (  1200  GMT)  of  day  C-*-1 
which  helped  to  create  a  more  favorable  environment  for  the  higher 
incidence  of  severe  local  weather  compared  with  day  C  are:  (1) 
stronger  wind  maxima  at  300  and  850  mb,  (2)  a  more  intense  mean 
surface  low  pressure  center,  (3)  a  broader  and  more  northward 
extension  of  available  low  level  moisture  and  (4)  a  weaker  and  more 
concentrated  area  of  moist  static  stability.  Maps  of  the  frequencies 
of  tornadoes,  high  winds,  large  hail  and  funnel  clouds  for  the  D 
sample  and  the  JS  subsample  are  contained  in  the  Appendices  and  show 
a  more  diffuse  pattern  than  those  for  day  C.  This  is  probably  due 
to  the  divergence  of  the  various  storm  tracks  as  the  cyclones  moved 
away  from  their  sites  of  cyclogenesis. 

Despite  the  various  storm  tracks,  there  is  again  an  excellent 
relationship  oetween  the  area  of  maximum  incidence  of  severe  weather 
and  the  location  of  the  propagating  300  mb  jet  streak,  Kigs.  13  a 
and  b  show  the  300  mb  isotachs  and  streamlines  at  1200  GMT  and  0000 
GMT  super imjxised  over  the  frequency  of  total  severe  storms  greater 
than  .09  for  the  JS  subsample.  Note  that  the  300  mb  jet  streak 
maintains  its  intensity  but  uecomes  elongated  by  0000  GMT.  As  in 
the  previous  day,  the  greatest  incidence  of  severe  weather  occurs 
ahead  of  and  to  the  right  of  the  exit  region  of  the  propagating  300 


mb  wind  maximum. 
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Idble  A7.  The  Lotal  number  of  severe  storm  events  per  latitude- 
longitude  grid  box  on  day  C  for  the  D  sample. 
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Table  A1.  Ihe  total  number  of  tornado  events  per  1  latitude- 
longitude  grid  box  on  day  C  for  the  D  sample. 


300  and  8!30  mb,  (2)  a  more  intense  mean  mean  surface  low  pressure 
center,  (3)  a  more  northward  extension  and  a  sharper  horizontal 
gradient  of  available  low  level  moisture  and  (4)  a  weaker  and  more 
concentrated  area  of  moist  static  stability. 


development  site.  On  the  day  of  cyclogenesis  the  severe  weather 
events  for  all  three  samples  were  generally  confined  to  a  compact 
area  extending  from  central  Texas  into  Kansas.  The  area  where  severe 
weather  occurred  significantly  broadened  and  moved  northeastward  on 
the  two  days  following  cyclogenesis.  The  distinct  broadening  of  this 
area  is  probably  a  result  of  the  various  cyclone  tracks  and  speed  of 
movement  of  the  cyclones  contained  in  the  D  sample  and  the  JS  and  JS' 
sub samples. 

The  relationship  between  the  dynamic  upper-tropospheric  forcing 
mechanisms  and  the  frequency  of  severe  weather  was  examined  for  the 
JS  subsample.  For  all  three  days  the  greatest  incidence  of  severe 
weather  occurred  ahead  of  and  to  the  right  of  the  exit  region  of  the 
propagating  300  mb  wind  maximum.  The  presence  of  the  composite  300 
mb  jet  streak,  initially  confined  to  a  limited  geographical  area,  in 
the  JS  subsample  clearly  enhanced  the  frequency  of  severe  weather 
compared  to  the  composites  of  the  D  sample  and  the  JS'  subsample. 

The  JS  subsample  had  the  highest  incidence  of  severe  weather  on  each 
of  the  three  days  of  the  study. 

The  maximum  frequency  of  total  severe  storms  for  the  D  sample 
and  the  JS  and  JS'  subsaraples  was  highest  on  day  C+1  and  lowest  on 
day  C*?.,  This  was  consistent  with  the  results  of  the  moisture  study 
by  Marshment  and  Horn  and  the  study  of  upper  and  lower-troposher ic 
wind  fields  by  Achtor  and  Horn.  Some  meteorological  conditions  which 
favored  the  higher  incidence  of  severe  weather  on  day  C-fl  compared 
with  the  other  samples  are:  (1)  stronger  composite  wind  maxima  at 


5.  Conclusions 


The  great  majority  of  spring  season  thundersto^mr  that  produce 
severe  weather  in  the  central  United  States  are  associated  with 
Colorado  cyclogenesis.  This  study  was  based  on  39  developing  cases 
(those  which  formed  and  persisted  for  at  least  72  hours)  of  spring 
season  Colorado  cyclone  events  chosen  by  Hovanec  and  Horn  (1975) 
and  later  studied  by  Achtor  and  Horn  (1985)  and  Marshment  and  horn 
(1985).  The  research  used  a  composite  approach  to  Investigate  the 
evolution  of  severe  weather  events  throughout  the  cyclogenetic 
process  and  the  distribution  of  these  events  in  relation  to  dynamic 
forcing  mechanisms.  The  study  also  examined  the  incidence  of  severe 
weather  during  a  subsample  of  15  "jet  streak"  cases,  selected  from 
the  39  developing  cases  by  Achtor  and  tkirn,  and  a  complement  sub- 
sample  of  the  2*1  cases  not  contained  in  the  jet  streak  subsample. 

To  avoid  diurnal  variations  the  data  set  was  partitioned  into  three 
a'JI  hour  intervals  with  the  first  one  beginning  at  12C0  GMl  on  the 
d-jy  of  eye  logcn-si  s .  Composites  were  prepared  for  the  normalized 
frequency  of  (i)  tornadoes,  (2)  high  winos,  (j)  large  hail,  (9) 
funnel  clouds  and  (S)  total  severe  storms  ( sumr.<ition  cf  items  (1) 
to  (9))  lor  the  39  day  developing  sample  and  the  two  subsamples  for 
day  C,  C+1  and  C+2. 

The  distribution  of  severe  weather  for  the  three  days  of  the 
study  v;js  consistent  with  the  movement  of  the  incan  synoptic  features 
is  the  composite  cyclone  developed  and  moved  ,swjy  from  its  lee  side 


of  the  occurrence  of  severe  weather  in  the  JS'  subsample  is  the 
widely  divergent  storm  tracks  contained  in  this  period  of  the  study. 
The  reduced  frequency  of  severe  weather  on  day  C+2  is  consistent 
with  the  results  of  AchLor/Horn  and  Mar shment/Horn ,  Their  findings 
indicated  a  more  southwesterly  and  weaker  flow  at  low-levels  which  in 
the  composite  reduced  the  advection  of  moisture  from  the  Gulf  of 
Mexico.  This  resulted  in  an  increase  in  moist  static  stability  over 
the  Mississippi  and  Ohio  valleys.  Of  the  three  days  of  this  study, 
Achtor  and  iiorn  found  that  day  C+2  had  the  weakest  8b0-3C0  mb 
directional  wind  shear  in  the  exit  region  of  the  composite  300  mb 
jet  streak. 


Fig.  15.  Mean  isotachs  (m/s)  and  streamlines  in  the  core  o 
the  300  mb  wind  maximum  on  day  C-f?  at  1200  GMT  superimposed 
over  the  normalized  and  smoothed  frequency  (IC^^)  of  total 
severe  storms  for  the  JS  subsample. 
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The  observed  severe  weather  frequency  and  distribution  for 

day  C+2 

Figs.  a,  b  and  c  show  the  incidence  of  total  severe  storms 
for  day  C+2  for  sample  D  and  the  JS  and  JS'  subsamples.  Compared 
to  day  C+1,  there  has  been  a  noticeable  decrease  in  the  frequency  of 
severe  local  weather.  For  all  three  samples  during  the  period  of 
this  study,  day  C+2  has  the  lowest  maximum  frequency  of  total  severe 
storms.  The  JS  subsample  again  has  a  higher  maximum  frequency  of 
total  severe  storms  than  the  D  or  JS  samples.  The  relationship 
between  the  incidence  of  severe  weather  for  the  JS  subsample  and 
the  upper-tropospheric  jet  streak  is  shown  in  Fig.  15.  The  maximum 
frequency  for  the  JS  sample,  located  over  Indiana,  occurs  in  the 
right  front  quadrant  of  the  composite  3OO  mb  jet  streak  at  1200  GMT. 
A  comparison  between  Figs.  b  and  c  shows  that  frequencies  greater 
than  .09  generally  occur  to  the  east  of  the  Mississippi  River  in  the 
JS  subsample  and  to  the  west  of  the  Mississippi  River  in  the  JS' 
subsample.  Recall  that  on  day  C+1  (Figs.  12  b  and  c)  there  was  a 
noticeable  difference  in  location  of  the  maximum  frequency  of  total 
severe  storms  between  the  JS  and  JS'  subsamples.  The  more  westerly 
location  of  the  area  of  severe  weather  in  the  JS'  subsample  on  day 
C+2  may  again  be  a  result  of  overlapping.  There  were  two  cases  in 
the  JS'  oubsample  where  a  high  incidence  of  severe  weather  occurred 
when  ttiere  was  an  overlap  between  day  C+1  for  one  cyclone  and  day 
t+2  for  anoth'-’r.  Another  explanation  for  the  more  westerly  location 


The  observed  severe  weather  frequency  and  distribut;.on  for 

day  C+2 

Figs.  a,  b  and  c  show  the  incidence  of  total  severe  storms 
for  day  C+2  for  sample  D  and  the  JS  and  JS'  subsamples.  Compared 
to  day  C+1,  there  has  been  a  noticeable  decrease  in  the  frequency  of 
severe  local  weather.  For  all  three  samples  during  the  period  of 
this  study,  day  C+2  has  the  lowest  maximum  frequency  of  total  severe 
storms.  The  JS  subsample  again  has  a  higher  maximLan  frequency  of 
total  severe  storms  than  the  D  or  JS  samples.  The  relationship 
between  the  incidence  of  severe  weather  for  the  JS  subsample  and 
the  upper-tropospheric  jet  streak  is  shown  in  Fig.  15.  The  maximum 
frequency  for  the  JS  sample,  located  over  Indiana,  occurs  in  the 
right  front  quadrant  of  the  composite  300  mb  jet  streak  at  1200  GMT. 
A  comparison  between  Figs.  1^  b  and  c  shows  that  frequencies  greater 
than  .09  bCricrally  occur  to  the  east  of  the  Mississippi  Hiver  in  the 
JS  subsample  and  to  the  west  of  the  Mississippi  Hiver  in  the  JS' 
subsample.  Recall  that  on  day  C+1  (Figs.  12  b  and  c)  there  was  a 
noticeable  difference  in  location  of  the  maximum  frequency  of  total 
severe  storms  between  the  JS  and  JS'  subsamples.  The  more  westerly 
location  of  the  area  of  severe  weather  in  the  JS'  subsample  on  day 
C+2  may  again  be  a  result  of  overlapping.  There  were  two  cases  in 
the  JS'  subsample  where  a  high  incidence  of  severe  weather  occurred 
wiien  there  was  an  overlap  between  day  C+1  for  one  cyclone  and  day 
C+2  for  another.  Another  explanation  for  the  more  westerly  location 
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Table  A8.  TTir-  total  number  of  tornado  r-veut-.s  per  1  latitude- 
Icngitude  grid  box  on  day  C  for  the  JS  sucsample. 
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Table  A9.  The  total  number  of  tornado  genesis  events  per  1' 
latitude-longitude  grid  box  on  day  C  for  the  JS  subsample. 


♦  +  ♦ 

0  0  0 

♦  ♦  + 

0  0  0 

+  t  + 

0  0  0 

+  f  ♦ 

0  0  0 

f  +  ♦ 

0  0  0 

f  ♦  i 

0  0  0 

+  +  + 

0  0  0 

+  ♦  + 

0  0  0 

+  +  ♦ 

0  0  0 

♦  ♦  + 

0  0  0 

♦  +  + 

0  0  0 

♦  ♦  ♦ 

0  0  0 

+  i  ♦ 

0  0  0 

+  ♦  + 

0  0  0 

♦  +  + 

0  0  0 

♦  ♦  ♦ 

0  0  I 

+  ♦  t 

0  0  0 

t  t  + 

0  0  0 

♦  +  ♦ 

0  0  0 

t  ♦  ♦ 

0  0  0 

♦  ♦  + 

0  0  0 

+  t  f 

0  0  0 

♦  ♦  ♦ 

0  0  0 

♦  +  + 

0  0  0 

♦  ♦  ♦ 

0  0  0 

♦  ♦  + 


lOOH 

-  ♦  f 

0  0  0 

-  ♦  > 

0  0  0 

-  +  t 

0  0  0 

-  ♦  + 

0  0  0 

-  ♦  ♦ 

0  0  0 
-  *  * 

0  0  0 

-  4-  ♦ 

0  0  0 

-■ft 
0  0  0 

-  +  + 

0  0  0 

-  f  ♦ 

0  0  0 

-  ■f  ♦ 

0  I  1 

-  ♦  f 

0  0  I 

-  ♦  ♦ 

0  0  0 

-ft 
0  0  2 
-ft 

0  1  I 

-ft 

0  0  0 

-  f  f 

0  0  0 

-  t  f 

0  0  1 

-  f  f 

0  0  0 

-ft 
0  0  0 
-ft 
0  0  0 

-  f  f 

0  0  0 

-ft 
0  0  0 

-  f  f 

0  0  0 

-ft 
0  0  0 

-  f  t 


095» 

-ft 

0  0  0 

-  f  f 
0  0  0 

-ft 
0  0  0 

-  f  f 
0  0  0 

-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  1  0 
-ft 
I  0  0 

-ft 

0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  1  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 


0  0  0  0 

f  f  t  - 

0  0  0  0 

f  t  f  - 

10  0  0 
t  f  f  - 

0  0  0  0 

f  f  t  - 

C  0  0  0 

f  f  f  - 

0  C  0  0 

f  f  f  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

f  t  f  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

f  f  t  - 

0  0  0  0 

f  f  t  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

f  f  t  - 

0  0  0  0 

f  f  t  - 

0  0  0  0 

f  f  t  - 

0  0  0  0 

f  f  t  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

t  f  t  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

f  t  t  - 

0  0  0  0 

f  f  f  - 

0  0  0  0 

f  f  t  - 

0  0  0  0 

f  f  t  - 


080H 

o’  0*  0 

-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 

-  t  t 
0  0  0 

-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 

-  t  t 
0  0  0 

-ft 
0  0  0 
-ft 
0  0  0 

-  t  t 
0  0  0 

-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 
0  0  0 
-ft 


0  0  0 

t  f 
0  0  0 

t  f 
0  0  0 

t  f 
0  0  0 

f  f 
0  0  0 

f  f 
0  0  0 

f  f 
0  0  0 

t  f 
0  0  0 

f  t 
0  0  0 

t  f 
0  0  0 

f  f 
0  0  0 

t  f 
0  0  0 

f  t 
0  0  0 

t  t 
0  0  0 

f  t 
0  0  0 

f  f 
0  0  0 

t  t 
0  0  0 

f  t 
0  0  0 

t  f 
0  0  0 

t  t 
0  0  0 

t  f 
0  0  0 

t  t 
0  0  0 

t  t 
0  0  0 

♦  ♦ 

0  0  0 

f  f 
0  0  0 

f  t 


Table  A 10.  The  total  nuTiber  of  liigh  wind  (>  ?6  m/s)  events  per  1' 
Latitude-longitude  grid  box  on  day  C  for  the  Jb  subsample. 
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Table  B5.  llio  total  nu.nber  of  funnel  cloud  events  per  1'  latitude- 
longitude  grid  box  on  day  C* 1  for  the  D  sample. 
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32X4  4-4444-4444-4444-4444-4444-4444- 

0  0  0  0  1  0  0  3  2  0  0  0  0  1  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0 

31X4  4-4444-4444-4444-4444-4444-4444- 

_  0  0  0  0  0  0  0  0  0  1  0  1  0  1  0  0  0  2  1  0  0  0  0  0  0  0  0  0  0  0  0  0 

30X4  4-4444-4444-444t-4444-4444-4444- 

,  0  0  0  0  0  0  0  0  1  0  0  2  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

29X4  4-t>  +  +  -  +  t44-4444-4444-4444-4444- 

OOOOOOOIOOOOOOOOCOOOOOOOOOOOOOOO 

29X4  4-4444-4444-444  +  -  +  +  +  +  .  ♦  +  + 

„  0  0  0  0  0  0  0  0  1  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

27X4  4-4444-4444-4444-4444-4444-4444- 

00OO0C0O00000O0003OOO00C0000000C 

2iN4  4-4444-4444-4444-4444-4444-4444- 

„  0  0  0  0  0  0  0  0  0  0  0  0  0  0  C  C  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

25X4  4-4444-4444-4444-444T-4444-4444- 


iaolc  Ct.  Ihe  total  number  of  funnel  cloud  genesis  events  per  1 
latitude-longitude  grid  box  on  day  C+2  for  the  D  sample. 


lOSN  lOCII  09511  090M  08SN  OBOH  075t( 

5CN+  +  -  +  +  »  +  -  +  +  +  +  +  +  -  +  +  -  +  +  +  +  - 

OOCOJOOOOOOOOCOOOOOOOODOOOOOOOOO 

49N* 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

48N*  +  +  -  +  +  +  +  +  +  f  +  f  +  - 

,  00000000001000000000000000000000 
47N*  +  -  +  ♦♦♦-  +  +  +  +  -  +  +  +  +  -♦♦  +  ♦-  ♦  +  +  ♦-  +  +  +  +  - 

00000100001000000000000000000000 
46N+  ♦-♦♦♦♦-♦♦♦  +  -  +  +  +  +  -*  +  *  +  -  +  +  +  +  -  +  +  4-  +  - 

00000010001000010000000000000000 
45N+  +  +  -  +  +  +  +  - 

00000000001000120000000000000000 

44N« 

OC000000003003530031200100000000 
43N»  ♦-♦♦tt-  +  +  t  +  -  +  +  +  »-  *  +  tt-  +  +  ^  +  -»  +  +  +  - 

0  0  0  0  0  0  0  0  0  0  2  1  0  1  1  1  0  0  1  1  0  0  2  0  0  0  0  0  0  0  0  0 

42N*  +  +  +  +  +  +  +  +  t  +  +  +  -  +  +  f  +  - 

0  0  0  0  0  0  0  2  0  0  0  0  3  1  1  1  2  0  0  3  0  3  1  4  0  0  0  0  0  0  0  0 

+  +  -  +  +  +  +  -  +  +  +  +  +  +  +  -  +  +  +  +  +  + 

0  0  0  0  0  1  1  0  1  0  0  4  3  11  0  1  0  1  4  0  4  1  0  0  1  0  0  0  0  0  0 
4jN*  +  + 

0  0  0  1  0  0  0  0  1  1  2  0  1  0  1  0  0  1  1  2  5  0  1  1  0  0  0  0  0  0  0  0 

39N4  ♦-♦4t..  +  444-4444-<t4  +  -  +  44  +  -  +  44  +  - 

0  0  0  0  G  0  0  0  0  3  2  2  7  2  4  I  3  0  0  0  1  1  0  0  0  0  0  C  0  0  0  0 

Z81t»  ♦-44*4-4*44-  +  444-444  +  -  +  44  +  -4t  +  *- 

0  0  0  0  C  0  0  0  2  0  0  0  7  0  0  0  C  3  0  0  0  1  0  0  0  0  0  0  0  0  0  0 

37, 94  4-4t*4-4444-4444-4444-44f4-4444- 

0  0  0  0  0  0  0  0  0  4  0  4  1  0  0  0  0  1  0  0  1  2  0  0  0  0  0  0  0  0  1  0 

36N4  ♦-♦‘44-4444-4444-4444-4444-4444- 

0  0  0  0  0  0  0  2  0  0  0  0  0  0  1  0  0  4  1  0  0  0  0  0  0  0  0  0  0  0  0  0 

33*(4  4-444‘-4444-4444-4444-44*4-4444- 

C  0  C  0  0  0  1  0  5  4  1  0  0  0  2  I  3  1  0  0  0  0  0  0  0  2  0  0  0  0  0  C 

J4N4  4-4444-t444-4444--444-4444-4444- 

C  0  0  0  0  0  0  1  1  1  0  0  0  0  0  0  1  C  0  0  0  0  1  0  0  1  0  0  0  0  0  0 

3’fi4  ♦-4444-4444-4444-4444-4444-4444- 

0  000  0  000151001002000000000000000 

+  +  +  +  +  +  -  +  +  +  +  .  f  + 

0  0  0  0  1  0  0  3  2  0  0  0  0  I  0  0  1  0  1  0  0  0  0  0  0  0  0  C  0  0  0  0 

♦-♦♦♦4-4444-4444-4444-4444-4444- 

0  0  0  0  0  0  G  0  0  1  0  1  0  1  0  0  0  2  1  0  0  0  0  0  0  0  0  0  0  0  0  0 

30M4  4-44‘  4  -4444-4444-4444-4444-4444- 

0  0  0  0  0  0  0  0  1  0  0  2  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

29N4  4-4444-4444-4444-4444-4444-4444- 

0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  C  0  0  0  0  0  0  0  0  0  0  0  0  0 

2l=N4  ♦-t444-4444-44t4-t444-4444-4444- 

0  0  0  C  0  0  0  0  1  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

2"N4  ♦-♦♦♦♦-♦♦♦♦-4444-4444-44‘4-4444- 

0  0  0  0  C  0  0  0  0  0  0  C  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  c 

2iM4  4-4444-4444-4444-4444-4444-4444- 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

4-4444-444t-‘444-4444-»444-4444- 


".Ole  C5.  Ti.e  total  nunber  ut  luntjel  c:<juc1  even-.-i  1  latiturit^- 

long:tude  grid  box  ijn  ^ay  for  thr*  U  sorffl.;. 
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105«  ICOil  C90<  C85K  OBOK  jlU 

.  0  0  0  0  0  0  0  D  0  0  0  0  0  0  0  0  0  Cl  0  0  0  0  0  0  C  C  0  0  C  0  0  c 

49N+  t-  +  t  +  +  -  +  t  +  *-  +  +  tt-  +  *t  +  -  +  +  +  +  -  +  ft*- 

C  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  D  C  0  C  0  0  0  0 

48N+  ♦  +  +  +  +  +  +  + 

0  0  0  0  0  0  0  0  0  1  0  C  0  C  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  C  0  0  G  0  0  0  0  0  0  0  0  0 

46N+  +  -  +  ♦  +  +  -  +  +  +  ♦  +  -  + 

0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  1  0  0  C  0  0  0  0  0  0  0  0  0 

45N*  ♦-  +  t  +  *-  t  +  +  +  -t  +  +  +  -  +  +  4t-  +  f  +  +  -  +  +  +  +  - 

0000000002  C  003120100000000000000 
44N+  4-  +  44  +  -  +  444-44*t-4tt4-4444-t  +  4  +  - 
00000001000003320010000000000000 
43N*  +  +  +  - 

00000010000001120000000000000010 
42N+  4-  +  +  44-444  +  -  +  444-444  +  -  +  444-4t4-  +  - 
0  0  0  0  0  0  1  1  1  1  0  0  1  0  0  3  1  0  0  3  0  1  0  0  0  1  0  0  0  0  0  0 

4;N*  +  -  +  +  44-444  +  -4  +  44-4444-4  +  +  t-  +  4  +  +  - 

0  0  0  0  0  0  0  0  I  1  1  2  2  3  2  1  0  1  I  1  0  2  0  0  0  2  0  0  0  0  0  0 

40N4  ♦-  +  +  44-4  +  t4-444t-4444-4444-444  +  - 

0  0  0  0  0  0  0  0  0  1  0  0  3  2  1  2  2  2  0  1  3  2  1  0  0  0  0  0  0  0  0  0 

39N*  t-4t4»-44t  +  -4444-44*4-444f-44  +  f- 
„  0  0  0  0  0  0  0  0  0  1  0  0  1  0  0  0  4  0  0  0  0  1  1  1  1  1  0  0  1  0  0  0 

38N4  - 

,  0  0  0  0  0  0  0  1  1  3  0  2  3  1  0  0  0  0  1  1  1  0  1  0  1  0  0  0  0  0  0  0 

37»*  4-*4f4-444  +  -4  +  +  4-  44  +  +  -4  +  t4-44»4- 

0  0  0  0  0  0  0  0  0  2  1  1  2  2  0  0  2  2  2  0  3  2  2  0  0  0  1  0  0  0  0  0 

36N4  ♦-♦♦♦♦-♦♦♦t-  +  t4  +  -t44t-4»  +  4-  4444- 

„  0  0  0  0  0  0  0  2  2  2  0  1  1  0  1  0  2  4  1  1  0  0  1  1  0  0  1  0  0  0  0  0 

33N4  ♦-♦444-  +  +  +  4-  +  +  44-  +  +  44-t  +  +  t-  4  +  4t- 

,  0  0  0  0  0  0  3  2  1  2  0  1  0  1  3  0  1  1  C  0  1  0  0  1  1  1  0  0  0  D  0  0 

34N4  ♦-♦f44-4444-  +  444-4  +  4t-44  +  4-  44  +  +  - 

0  0  0  0  0  0  0  1  0  1  0  0  1  2  3  0  0  1  0  2  0  0  0  0  0  0  0  0  0  0  0  0 

33N4  +  -tt44-  +  444-f  +  +  f-  +  t  +  f-  *4  +  4-  +  t4t- 

,  0  0  0  0  0  1  1  1  0  0  1  1  0  1  0  0  0  0  0  1  1  0  0  0  0  1  0  0  0  0  0  0 

32N4  ♦-♦♦t  +  -4  +  +  +  -4444-44  +  4-  t4tt-4  +  +  4- 

00010001100010000000010002000000 
31N4  +  -4  +  t4-  +  +  +  +  -44  +  4-  4  +  +  t-  +  t  +  4-  +  +  +  t- 

0  0  0  0  0  0  0  1  2  2  0  0  0  1  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0 

3CN+  ♦-t44  +  -444  +  -4  +  t*-  +  +  4  +  -t  +  +  4-  44  +  4- 

0000000042000000000000000COOOOOC 

2*?(*  ♦-■‘■♦♦♦-♦  +  t  +  -4  +  +  +  -4  +  44-t  +  4*-44t4- 

„  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

2BH*  ♦-♦t44-  +  44  +  -tt  +  4-  444t-'ttt-4t44- 

0  0  0  0  0  0  0  1  I  0  C  O  C  C  0  0  0  0  0  0  0  0  0  0  0  0  0  C  C  0  0  c 

27N4  +  -'f4  +  4-  4444-4*4*-*tt*-  +  4**-4  +  t+  - 

0  0  0  0  0  0  0  0  1  0  0  C  0  0  0  0  0  0  0  0  0  0  0  0  C  J  0  0  0  0  0  0 

2t.N*  4-t44t-  +  t**-4*  +  4-  4*4  +  -4*  +  4-  44  +  +  - 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  (1  0  0  0  0  0  0  0  C  0  0  0  c 


Tabie  ">  «>  nutribor  of  large  6;n  1  (>  '.‘fiutn)  events  P'-t  i 

Iciti tude- : '■nr,  i  tube  ,/rid  box  on  day  C  +  i.’  to-  the  6  s&rnple. 
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50N>  +  +  +  +  +  -  +  +  *  +  +  f  +  -  +  +  +  +  - 

ooooooocooooooooooooooooooocoooo 

49S+  +  ♦  +  +  -  +  +  +  +  - 

,  00000000000000000000000000000000 
488*  +  +  +  +  -  +  +  +  +  +  -  +  ♦  +  +  - 

00000000000000000000000000000000 

478+  ♦-♦♦  +  +  -f  +  t  +  -  +  +  +  +  -f  +  t  +  -f  +  iT-*t  +  t- 

oooooooooooooooooooooooooooooooo 

46N»  ♦-  +  ♦  +  ♦-  +  ♦  +  +  -♦♦  +  +  -  +  +  +  +  -  +  +  ♦♦-  +  +  +  +  - 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  Cl  0  0  0  0  0  0  0  0 

458*  +  -  +  +  4  +  +  *  +  -  +  f  + 

00000  OOOOOOOOOOIOOOOCOOOOOOOOOOO 
44, N*  +  +  -  +  +  +  t  +  -  +  +  +  +  - 

0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  0  0  0  0  1  0  2  2  1  0  0  0  0  0  0  0 

418>  +  +  +  -  +  +  +  +  -  +  +  +  +  - 

0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  4  3  1  0  0  1  1  1  0  0  0  0  0  0  0  0 

428t  ♦-  +  4*4-4t  +  t-  4  +  4t-4  +  +  4-  4  +  t  +  -t  +  44- 

0  0  0  0  0  C  0  0  0  0  0  0  0  0  2  0  I  3  I  1  0  0  0  1  1  I  0  0  0  0  0  0 

418*  t-tl4»-44  +  *-  f44t-  +  4t  +  -  +  r4  +  -*  +  +  4- 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  2  1  1  0  3  3  1  1  2  3  0  0  1  0  0  0 

408*  +  +  +  + 

0  0  0  0  0  0  0  0  0  1  1  1  0  1  2  2  0  1  0  0  0  3  3  1  1  0  0  0  0  0  0  0 

3984  4-4444-4444-4  +  44-4444-4444-4444- 

0  0  0  0  0  5  0  1  0  0  0  1  0  2  1  0  1  0  0  3  1  4  3  1  ^  0  1  1  0  0  0  0 

3584  4-444f-4444-  +  4  +  +  -  +  +  44-44  +  4-  4444- 

0  0  0  0  0  0  0  0  1  1  1  2  0  0  1  1  1  1  1  0  1  4  2  0  1  0  0  0  0  0  0  0 

3:84  4-44*4-4444-4444-4444-4444-4444- 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  2  0  1  3  1  2  3  1  0  0  1  0  0  1  0  0  0 

3684  4-4444-*444  -4444-44*4-4444-4444- 

0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  3  1  0  1  0  1  1  0  0  0  1  0  0  0  0 

338*  4-444*-4444-4444-4444-4  +  44-4  +  4  +  - 

0  0  0  0  0  0  1  0  1  0  0  0  0  1  0  2  2  2  1  1  0  0  0  0  0  0  0  0  0  0  0 

348*  4-44*4-4444-4444-4444-4444-4444- 

0  0  0  0  0  C  0  0  0  1  0  0  0  1  1  0  0  0  0  0  1  0  0  0  0  0  0  0  D  0  0  0 

3j8«  4-44*4-4444-4  +  44-4  +  +  +  -  +  4  +  +  -444  +  - 

0  0  G  0  C  :  C  0  0  0  0  1  0  3  1  0  1  1  0  0  1  0  0  0  0  0  0  0  0  0  0  0 

328*  4-*444-*44*-4444-44  +  +  -  +  +  +  4-  +  44  +  - 

0  0  0  1  :  0  1  1  0  0  0  0  0  0  2  0  I  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

3;84  4-  4444-4*  +  4-  444  +  -4444-4  +  +  4-  4444- 

00000000200101010320000100000000 

3'84  4-4*4--4444-44  +  4-  4444-44  +  +  -4  +  44- 

0  0  C  5  C  ..  C  0  0  0  0  0  0  I  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

2984  4-4***-4444-4444-4444-4444-4444- 

0  e  C  C  5  C  >,  0  ■  ’  0  0  0  0  0  0  0  0  0  0  0  0  0  C  0  0  0  0  0  0  0  0  0 

238*  4  4***-*444-4444-4444-4444-4444- 

0  0  j  0  c  0  c  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

2''84  4-*t4*-4***-4444-4444-4444-4444- 

0  0  1'  0  :  c  9  c  c  ^  0  c  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

2t,84  *-*4*.  .♦.♦.♦♦♦♦-4»t4-4444-4444- 

G  0  j  0  0  ;  ;  :  0  0  ;  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

2*N4  -....-.♦♦♦-♦4t4.  +  tt4.^  +  4  +  . 
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Appendix  C.  Total  Severe  Weather  Events  For  Day  C+2 


I03M 

lOOM 

095* 

09011 

085M 

O8OM 

075K 

50N+ 

♦ 

• 

♦ 

4 

4 

4 

• 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

• 

♦ 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

0 

0_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

49N+ 

♦ 

• 

♦ 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

• 

4 

4 

4 

4 

- 

♦ 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

0 

o' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

48N+ 

♦ 

- 

♦ 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 

4 

4 

• 

t 

♦ 

4 

4 

- 

4 

4 

4 

4 

- 

i 

4 

f 

4 

- 

c 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

47N+ 

♦ 

- 

♦ 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 

4 

4 

• 

4 

4 

4 

4 

- 

t 

4 

+ 

4 

- 

0 

0 

0 

0 

0 

0 

o] 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4iN+ 

> 

- 

♦ 

4 

4 

4 

4 

4 

4 

4 

* 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

♦ 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

0 

T 

w 

0 

0 

0 

0 

1 

0 

0 

n 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

4SNt 

♦ 

- 

♦ 

4 

4 

4 

4 

4 

4 

4 

• 

4 

4 

**4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

♦ 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

0 

3' 

0 

0 

0 

2 

0 

0 

4 

1 

0 

c 

t 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

44N» 

♦ 

- 

♦ 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

^4 

4 

4 

- 

4 

4 

4 

4 

- 

♦ 

4 

♦ 

4 

- 

0 

c 

0 

0 

0 

0 

0_ 

4 

0 

A 

i. 

1 

A 

4. 

D 

•) 

5 

3 

1 

2 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

43N^ 

- 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

• 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

♦ 

4 

+ 

4 

- 

0 

0 

0 

0 

0 

0 

2 

2 

5 

3 

4 

2' 

■y 

J 

2 

1 

1 

1 

0 

0 

0 

0 

3 

1 

1 

0 

0 

0 

0 

0 

0 

0 

42N* 

♦ 

♦ 

4 

4 

4 

- 

4 

*"4 

4 

4 

• 

4 

4 

4 

4 

• 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

t 

4 

+ 

4 

• 

0 

0 

0 

0 

0 

0 

2 

3 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

1 

0 

0 

0 

0 

0 

D 

0 

A 

4:n* 

♦ 

• 

♦ 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

• 

4 

4 

4 

4 

- 

4 

^4 

4 

4 

• 

♦ 

4 

+ 

4 

• 

0 

0 

0 

0 

0 

0 

1 

*> 

3 

2 

2 

5 

2 

0 

1 

1 

2 

3 

1 

4 

3 

0 

li 

0 

3 

0 

0 

0 

0 

0 

0 

40N* 

♦ 

- 

♦ 

4 

4 

4 

4 

4 

4 

4 

- 

♦ 

**4 

4 

4 

- 

4 

4 

4 

4 

«* 

4 

t 

4 

4 

- 

+ 

4 

+ 

4 

- 

0 

0 

0 

0 

0 

0 

0* 

0 

0 

C 

0 

3 

3 

4 

2 

0 

0 

2 

1 

0 

5 

4 

1 

3 

0 

< 

0 

0 

0 

0 

0 

0 

39N* 

♦ 

• 

+ 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

• 

4 

4 

4 

4 

- 

4 

’  * 

4 

*  4 

- 

4 

4 

♦ 

4 

- 

0 

c 

0 

0 

0 

0] 

0 

1 

0 

2 

8 

1 

C 

0 

1 

1 

D 

0 

0 

1 

c 

1 

') 

0 

0 

0 

0 

0 

0 

39N^ 

> 

- 

♦ 

4 

4 

4 

4 

4 

4 

4 

- 

4 

1 

4 

4 

- 

4 

4 

4 

4 

• 

+ 

‘  4 

4 

4 

• 

♦ 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

0* 

0 

1 

0 

0 

3 

4 

1 

0 

1 

1 

1 

0 

1 

0 

7 

0 

0 

0 

1 

1 

0 

0 

0 

0 

3?N> 

♦ 

- 

•t 

4 

♦ 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

V 

f 

- 

' » 

4 

♦ 

- 

0 

0 

0 

0 

0 

0 

o'_ 

0 

0 

) 

L 

1 

3 

t 

•* 

0 

1 

3 

2 

i 

0 

3 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

c 

jtjN* 

♦ 

- 

* 

4 

4 

« 

4 

4 

4 

4 

- 

4 

4 

4 

^4 

- 

A 

4 

4 

4 

- 

t 

+ 

♦ 

4 

• 

■* 

4 

+ 

4 

- 

0 

c 

0 

0 

0 

0 

1; 

1 

2 

1 

4 

n 

0 

4 

c  ‘ 

A 

1 

4 

0 

0 

0 

0 

0 

1 

1 

\ 

[ 

0 

3SN+ 

V 

- 

* 

4 

4 

- 

’4 

4 

4 

4 

• 

“  4 

4 

4 

4 

- 

’4 

4 

4 

4 

- 

♦ 

* 

4 

4 

- 

4 

4 

’  + 

4 

fs 

0 

0 

'J 

r\ 

1 

1;. 

i 

n 

1 

0 

0 

4 

0 

1 

2 

J 

1 

1 

0 

1 

r. 

V 

5 

\ 

2 

1 

0 

0 

34N+ 

- 

♦ 

* 

4 

t 

- 

4 

4 

4 

4 

• 

4 

* 

‘4 

4 

- 

4 

4 

4 

4 

- 

♦ 

4 

4 

'  4 

• 

4 

4 

♦ 

4 

- 

0 

0 

0 

o’ 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

/•, 

0 

2 

1 

0 

0 

0 

0 

0 

C 

0 

0 

c 

33N+ 

♦ 

- 

♦ 

4 

4 

4 

- 

4 

*4 

4 

4 

- 

4 

4 

4 

4 

• 

4 

4 

4 

4 

•• 

4 

4 

4 

4 

- 

♦ 

4 

♦ 

4 

- 

0 

0 

0 

u 

0 

3_ 

0 

A 

’ 

1 

2 

0 

1 

0 

1 

•J 

0 

0 

1 

0 

c 

C 

0 

0 

0 

0 

0 

0 

3"N+ 

♦ 

- 

+ 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

'4 

• 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

t 

4 

- 

0 

0 

0 

0 

1 

0* 

1 

0 

0 

0 

0 

4 

2 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

3’N+ 

♦ 

- 

t 

4 

4 

*4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

• 

4 

♦ 

♦ 

4 

“ 

4 

4 

4 

4 

- 

4 

4 

♦ 

4 

- 

0 

0 

0 

0 

1 

0 

0 

0 

A 

2 

:) 

1 

0 

I 

1 

0 

1 

2 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

♦ 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

• 

4 

4 

4 

4 

- 

t 

4 

♦ 

♦ 

- 

4 

t 

4 

4 

- 

4 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

0 

1_ 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

:=>»(♦ 

♦ 

• 

4 

4 

A 

t 

4 

4 

4 

4 

- 

t 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

f 

4 

- 

0 

0 

0 

0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

c 

0 

0 

u 

0 

c 

0 

0 

0 

0 

0 

C 

0 

0 

0 

0 

0 

0 

0 

zeN* 

+ 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

f\ 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2;n» 

f 

- 

4 

4 

4 

'  4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

♦ 

4 

- 

0 

0 

0 

0 

0 

0 

o' 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2iNt 

♦ 

« 

4 

4 

4 

4 

> 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

♦ 

4 

« 

0 

0 

0 

0 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

23Nt 

♦ 

• 

4 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

4 

- 

4 

4 

4 

- 

Table  Cl.  Tr^e  total  number  cf  tornado  events  per  1”  latitude- 
longitude  grid  box  on  day  C*2  for  the  D  sample. 
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Table  B1i».  The  total  number  of  severe  storm  events  per  1°  latitude- 
longitude  grid  box  on  day  C4-1  for  the  Jli  subsample. 
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Table  L'12.  The  total  number  of  funnel  cloud  events  per  1'  latitude- 
longitude  grid  box  on  day  C+l  lor  tlie  JS  subsample. 
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Table  Bll.  ilie  total  number  of  large  hail  (>  1'^mm)  events  per  1 
latitude-loiigitude  grid  box  on  day  C  +  1  for  the  JC  subsample. 
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longitode  grid  box  on  day  C+2  lor  the  Jb  subsample. 


Appendix  D.  Normalized  JS'  Total  Severe  Storm  Events  For  Day  C 
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(c)  large  hail  (>  19nin) 
on  day  C+1. 


Apperdix  F.  Normal  i2ed  Severe  Storm  Events  For  Day  C+i? 


nigh  winds  (>  26  m/s)  ,  (c)  large  hall  (>  19mni)  and  (d)  funnel 
do  for  the  D  sample  on  day  C+2. 
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